Background. The mechanism of human immunodeficiency virus (HIV) transmission via heterosexual intercourse is unknown. We sought to determine whether the presence of inflammatory cells in the vagina is associated with the presence of genital tract HIV type 1 (HIV-1) RNA.
HIV-1 in the female genital tract (GT) was first reported in 1986 [4] , many subsequent studies have evaluated the presence, the amount, and the determinants of HIV-1 shedding in cervicovaginal secretions in the form of cell-free HIV-1 RNA, cell-associated HIV-1 RNA, proviral DNA, or culturable virus [5] [6] [7] . Some factors that increase GT HIV-1 shedding include alterations in the vaginal environment, such as certain genital infections [2, 8] ; oral contraceptive use [3] ; and pregnancy [4] . Virological and immunologic cofactors, such as plasma HIV-1 RNA concentration and CD4 cell count, also influence GT shedding [6, 9] . Unfortunately, there is a paucity of data assessing the relationship of female GT HIV-1 shedding to the presence of leukocytes in the absence of other GT infections.
The lower female GT is generally thought to be the primary site of female HIV-1 infection. Much of the previous research on HIV transmission was devoted to studying the relationship between lower GT infections (LGTIs) and the transmission of HIV. In women, cervical and vaginal ulcers have been associated with increased detection of HIV-1 in cervicovaginal secretions [7] , and genital ulcerative disease was found to be a major determinant of HIV-1 transmission via the coital act [5] . Nonulcerative LGTIs increase HIV-1 shedding as well. Cross-sectional studies have demonstrated increased HIV-1 prevalence among women with signs of mucopurulent cervicitis caused by Neisseria gonorrhoeae and Chlamydia trachomatis [10] , vaginal candidiasis [3] , trichomoniasis [11] , and bacterial vaginosis [1] .
However, the presence of HIV-1 shedding in the female GT is not completely explained by plasma viral load (PVL) and commonly diagnosed LGTIs. Although PVL is a significant driver of genital viral shedding, there is strong evidence supporting the idea of compartmentalization, which might account for differences between GT and PVL [12] . The epithelium of the uterine cervix and underlying stromal constituents of the endo-and ectocervix change throughout a woman's lifetime as a result of hormonal, physical, and infectious influences [13] . HIV first infects the Langherhans cells located in the epithelia of the vagina, as well as T cells, macrophages, and dendritic cells in the subepethial tissues [14] . Once in the genital mucosa, HIV leads to a decrease in CD4 cells and an increase in CD8 cells [15] . Proinflammatory cytokines, such as TNF-a, IL-1, and IL-10, are also produced by these infected leukocytes [16] . The cytokines can both attract more target cells for HIV and stimulate HIV expression in these cells through toll-like receptors [17] . In addition, IL-10 has been demonstrated to enhance the induction of HIV-1 replication in macrophages, and IL-10-stimulated monocytes may be more efficiently infected by HIV [18] .
Our previous work has determined the pattern of HIV-1 RNA in paired plasma and cervicovaginal lavage (CVL) measurements during 36 months of observation and that PVL was the strongest predictor of HIV-1 RNA detection in CVL fluid [19] . In the present analysis, we assessed the relationship between leukocyte count in CVL fluid and HIV-1 shedding in the female GT among women with and women without diagnosed common LGTIs.
METHODS
A secondary analysis of a longitudinal prospective cohort was performed. The original cohort study was an observational study designed to evaluate the effect of antiretroviral therapy and factors associated with genital HIV shedding [19] . Women with HIV-1 were observed over a 36-month period by a process of serial paired plasma and CVL specimens. Women 118 years of age who had a uterus and cervix and who were receiving care for HIV infection at The Miriam Hospital (Providence, RI) or The Memorial Hospital of Rhode Island (Pawtucket) were offered inclusion in the study. Participants signed written, informed consent forms, and the study protocol was approved by the institutional review boards at both facilities. Paired plasma and CVL specimens were collected at each visit. Visits occurred at baseline, 2 weeks later, 1 month after baseline, and every 6 months thereafter. Participants were advised to abstain from sexual intercourse, use of vaginal douches, and use of other intravaginal products for у48 hours before examinations.
At the baseline interview, demographic, medical, sexual, and reproductive histories were collected. At each visit, CVL and plasma samples were collected. Examinations were scheduled to occur at the midpoint of the menstrual cycle, to decrease the variability that can be seen with hormonal changes. Subjects with symptomatic vaginal discharge were not included and were referred for clinical assessment. For collection of the CVL fluid, a speculum was placed in the vagina while the subject was in the dorsal lithotomy position, and the cervix was visualized. Ten cubic centimeters of normal saline was instilled into the vaginal vault, and the stream of fluid was directed at the cervical os. The fluid was allowed to pool in the posterior fornix for ∼30 s and then was aspirated. With use of this technique, 9-10 cc of fluid was typically recovered.
HIV-1 load measurements were performed using nucleic acid sequence-based amplification (bioMérieux). The lower limit of detection for this test was 400 copies/mL. Cell counts were performed by the hemacytometer method. Cells were counted in a standard fashion, using five 1-mm squares, and counts were averaged. Bacterial vaginosis was diagnosed using Amsel's criteria [20] . Gonococcal and chlamydial infections were diagnosed using culture. The presence of semen was detected using a commercially available test (Abacus Diagnostics). Trichomoniasis was determined with wet mount and visualization of motile trichomonads. Candidal infection was determined by the presence of vaginal symptoms and the presence of hyphae and/or budding yeast on a potassium hydroxide slide. All slides were read by experienced microscopists within 15 min of collection. Syphilis was diagnosed using rapid plasma reagin. Gonococcal, chlamydial, and syphilitic screening was performed only annually because of a low prevalence of such infections. All other tests, including pregnancy tests, were performed at each visit.
All data related to visits at which results positive for pregnancy or semen were obtained were excluded from the analysis, to eliminate these factors as a source of GT WBCs or as a cause of inflammation. In the analysis of the relationship between genital viral shedding and GT WBCs in the absence of infection, data relative to visits with evidence of bacterial vaginosis, candidiasis, trichomoniasis, gonorrhea, chlamydia, or syphilis infections were excluded. For the analysis of the relationship between genital viral shedding and GT WBCs in the presence of LGTIs, data relative to visits with these documented LTGIs were included. Because of the low prevalence of gonococcal, chlamydial, and syphilitic infections in the cohort, we could not examine the influence of these infections on GT HIV-1 shedding. GT viral load (GTVL) and PVL measurements were dichotomized as detectable (1400 copies/mL) or undetectable.
We used a receiver operating characteristic (ROC) curve to determine the ability of GT WBC count to correctly classify visits as involving or not involving detectable GT viral shedding, and we used bootstrapping to calculate 95% CIs of the area under the ROC curve, with each patient as the basic resampling unit. In addition, regression models for longitudinal binary data were fitted using generalized estimating equations to examine the odds of GT shedding as a function of GT WBC count alone and after controlling for other potential predictors of GT shedding, which included age, ethnicity, HAART use, and detectable PVL. Models were fitted using subsets of visits with and without evidence of LGTIs, as described above. Statistical significance was determined, using robust SEs, at . a p .05
RESULTS
The data of our study comprise results of 642 visits by 97 women. The baseline demographic and clinical characteristics of the cohort are shown in table 1 . Additional details about the original cohort were published elsewhere [19] . After exclusion of data relative to visits at which LGTIs or semen were detected, there were 257 visits by 89 women. The median GT WBC count was 260 cells per mL of cervicovaginal fluid (range, 0-16,600 cells/mL). At 64% of the visits at which GT WBCs were detected, neutrophils were the only leukocyte type detected in the CVL fluid. Macrophages were detected in 17% of samples, lymphocytes were detected in 20%, eosinophils were detected in 17%, basophils were detected in 0%, and other leukocytes were detected in 2.4%. At baseline, only 13.7% of subjects were receiving HAART. However, during the course of the study, 48.9% of visits involved women receiving any HAART. The regimens included nucleoside reverse-transcriptase inhibitors, such as zidovudine, lamivudine, and/or stavudine; nonnucleoside reverse-transcriptase inhibitors, such as efavirenz and nevirapine; and protease inhibitors, such as indinavir, nelfinavir, or saquinavir.
The logistic regression model that regressed GTVL on GT WBC count alone-controlling for age, ethnicity, HAART use, CD4 cell count, and PVL-fit the data well. The ROC curve indicated that GT WBC count alone is moderately able to distinguish between samples that were positive and those that were negative for GTVL; the area under the ROC curve was 0.66, with a bootstrapped 95% CI of 0.56-0.75. The unadjusted OR of detectable GTVL was estimated to be 1.20 (95% CI, 1.02-1.42) per 1000-cell/mL increase in GT WBC count. Eighty-six women with 240 observations contributed to the multivariate logistic regression analysis. Age, ethnicity, CD4 cell count, and HAART use did not statistically significantly account for variability in GTVL shedding in the multivariate model, but GT WBC count and PVL were statistically significantly associated with GTVL shedding (table 2). The predicted prevalence of GT shedding increased substantially as GT WBC count increased (figure 1).
When visits involving diagnosed LGTIs were included in the analysis, there were 642 observations from 97 women. The median GT WBC count of these women was 340 cells/mL (range, 0-85,000 cells/mL). The prevalence of the infections detected in this cohort is shown in table 1. No gonococcal, syphilitic, or chlamydial infection was detected in any woman in the cohort; therefore, we could not examine the influence of these infections on GT HIV-1 shedding. Results from a multivariate regression analysis that included sexually transmitted infections and GT WBC count indicated that none of the detected LGTIs was independently associated with the presence of GTVL after controlling for the presence of GT WBCs (table  3) . In an analysis that included GTVL and other covariates, the presence of GT WBCs was independently associated with the presence of GTVL, even after controlling for LGTIs and the known strongest predictor of GT viral shedding, PVL. In addition, we found that the odds of detectable GTVL were lower among women with higher CD4 cell counts. The relationship between LGTI and GTVL was examined both as single infections (table 3) and as a group (data not shown), and our analysis showed that the relationship was not statistically significant in either form. In bivariate analyses that examined the association between the presence of GT WBCs and each of the LTGIs, only trichomoniasis was statistically significantly associated with the presence of GT WBCs ( ). P ! .001
DISCUSSION
This study examined the association between GT WBC count as a marker of inflammation and the genital shedding of HIV-1 among HIV-infected women, in both the presence and the absence of diagnosed common LTGIs. We found that the presence of GT WBCs was an important predictor of viral shedding, independent of the presence of infections. In addition, we did not find that the individual infections were independently associated with increased viral shedding, after controlling for GT WBC count. This finding was unanticipated; because of the epidemiologic associations between the presence of sexually transmitted infections and HIV infection that are discussed in the literature [8, 21] , we suspected that LGTIs would cause increased viral shedding. Our data suggest that it may not be the infections themselves but the inflammation caused by infections that drives the viral shedding. This concept is further supported by the fact that we found that there was increased viral shedding with increased GT WBC count, even in the absence of LTGIs.
The source of such elevated GT WBC counts in the absence of infections is unclear. One possible explanation may be associated with the fact that GT WBCs are known to be present throughout the female GT. In our study, the WBCs were mostly neutrophils. It is known that the distribution of these cells differs in various tissues of the GT. In general, there are higher numbers of neutrophils present in more-proximal tissues, and the number of neutophils decreases in the more distal GT [22] . They tend to increase in number in response to epithelial injury and chemokines. Neutrophils release collagen-degrading enzymes that can injure tissue. It is possible that the tissue injury allows for more expression of HIV RNA. Alternatively, IL-8, a potent chemokine produced by neutrophils, is known to increase HIV-replication in vitro [23] . The increase in HIV shedding could be attributable to cytokines and chemokines produced by neutrophils of certain patients. One could examine this possibility with a large cohort study that included women who experienced HIV seroconversion. Our study was not designed to determine causality.
Cummins et al. [24] examined women with HIV-1 infection and also found that high leukocyte counts in the fluid were associated with increased shedding of HIV-1. They reported certain factors that were associated and correlated with high leukocyte levels in the vaginal fluid. They found that the level of lactoferrin, an endogenous antimicrobial peptide that functions as part of innate immunity and is released by leukocytes, was found at higher levels in women with both high vaginal leukocyte counts and high viral loads. Interestingly, they also found that levels of gp340, a glycoprotein that functions in preventing HIV infectivity of the host, were also increased in the same setting. They did not, however, find that cytokine or chemokine concentrations were increased in this group of women [24] . A study examining factors associated with HIV shedding in men found that advanced disease, low CD4 cell counts, and high seminal leukocyte counts were independently associated with viral shedding [25] .
Our study examined the association between types of infection that have previously been epidemiologically linked to HIV seroconversion [21] and HIV shedding [8] (specifically, trichomoniasis and bacterial vaginosis). We did not find an independent association between these infections and GTVL shedding; rather, we found that GT WBCs appear to be driving the association, at least in the case of trichomoniasis. We were unable to identify a source of the WBCs, despite testing for several common infections that have been linked to HIV transmission and acquisition. Laga et al. [21] found that other nonulcerative LTGIs were associated with an increased risk of HIV seroconversion, particularly gonococcal and chlamydial infections. Although it has been shown that treatment of cervicitis decreases shedding of HIV in the GT [26, 27] , there were no women with symptomatic cervicitis or gonococcal or chlamydial infections in our population; therefore, we could not draw conclusions about the relationship between these infections and GTVL. Both infections are typically associated with high GT WBC counts as a result of the cervicitis that they cause.
Strengths of our study include the longitudinal nature of the sample collection. We carefully selected the time frame for specimen collection and data elements, to control for potential confounding variables, such as PVL and use of medications. We excluded women who had recently used vaginal products or had vaginal sexual intercourse, thereby decreasing other potential confounders of genital shedding. We were able to show the independent association between GTVL and GT WBC counts after controlling for confounders, including PVL, which is the strongest predictor of genital shedding [19] . We also used statistical analysis for repeated measures and created our model's confidence intervals with the bootstrapping method, which uses the patient as the basic resampling unit so that statistical independence is not violated.
There were several limitations to our study. The LTGIs were included or excluded from the analysis on the basis of tests with imperfect sensitivity and specificity. The wet-mount method was used to diagnose trichomoniasis, bacterial vaginosis, and vulvovaginal candidiasis. It is possible that there were some missed cases of these infections. The use of more-sensitive tests, such as culture for trichomoniasis and Candida infection and Gram stain and Nugent scores for bacterial vaginosis, may have improved the detection of these common LGTIs. Recently, bacterial PCR quantification has been shown to correlate better with GT HIV RNA levels, but this method is not yet clinically available [28] . The use of practical clinic-based diagnosis for
LGTIs, such as wet mount, however, makes the findings of this study very applicable in clinical settings.
We also did not collect information regarding asymptomatic shedding of herpes simplex virus, which has been associated with genital shedding of HIV [29] . To our knowledge, however, no data have been published that document an association between asymptomatic herpes simplex virus infection and the presence of increased numbers of genital leukocytes. There were no cases of gonorrhea, chlamydia, or syphilis in this cohort of older HIV-infected women. These findings may not be applicable to younger women with higher rates of sexually transmitted diseases. We also did not test for nonspecific causes of cervicitis, such as Mycoplasma species, but we did exclude collection from patients with symptomatic vaginal discharge.
We used CVL, a technique that has been criticized for having a dilutional effect. We also determined GTVL with the use of HIV-1 RNA; others prefer the use of proviral DNA for measurement of GTVL. We also did not examine other inflammatory markers, such as cytokine levels, to determine the extent of inflammation that was related to the presence of the WBCs.
We did not control for HIV subtype, but we believe that most of our subjects had clade B disease, because of the country of origin of enrolled subjects. Consent forms were available only in English and Spanish. The majority of subjects contracted their disease in the United States.
In summary, this analysis shows that GT WBC counts are independently associated with GTVL. Implications of this data include the possible usefulness of using GT WBC counts as a surrogate marker for the presence of GT HIV. Currently, there are no commercially available tests for detection of GT HIV. Future directions include determining the relationship between asymptomatic genital herpes simplex virus infection and the presence of genital leukocytes in the context of HIV shedding, as well as elucidating the mechanism by which GT WBCs upregulate the shedding of virus.
